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Purpose
The National Bureau of Standards (NBS), Center for Fire Research (CFR) is currently engaged in a five-year experimental program sponsored by the U.S. Department of Health and Human Services (HHS) to study fire protection techniques for health care facilities. One of the major segments of this program includes the conduct of full-scale experiments to obtain data on the response of automatic detection and suppression systems to fires in a patient room. While such experiments can provide important data on smoke detection system performance in specific fire scenarios, they provide no data on how detection systems perform under non-fire conditions.
The best way to obtain this type of data is by studying detection systems in actual installations.
As with all alarm systems, an effective fire detection system would detect the outbreak of all hostile fires, but might be impractical because of a high false alarm rate. It is therefore important to identify the factors which affect false alarm rate so that proper steps can be taken to minimize false alarms. This survey was conducted to provide information in this area. 
Previous Studies
Very little quantitative information on the false alarm history of installed smoke detection systems exists in the literature.
In the u.s., most systems are "local systems", without connection to fire departments. While excessive false alarms are considered a nuisance, building owners rarely keep accurate records and rarely extend an effort to investigate and determine the cause of the false alarms. Even in Europe, where a much higher proportion of systems are connected to fire departments, those departments often do not keep detailed records on numbers of and reasons for false alarms.
In 1968, at the request of thelHome Office, the U.K. Fire Res@arch Station (FRS) undertook a study [1] to provide detection system false alarm information based on reporting forms completed by local fire departments. The reporting form was developed by FRS and sent to fire departments in England, Wales, and Scotland with instructions that all alarms (false and real) received from premises protected by automatic fire detection systems be investigated and the forms completed.
Data were taken for the entire calendar year 1968 and a report of the study was published by Fry [1] in March 1970.
That study broke the data down into type of occupancy (where unfortunately, health care was not listed as a separate category) and type of system (e.g., heat, smoke, sprinkler, manual, etc.) and also attempted to categorize the reasons for the reported false alarms. For example, for smoke detection systems there were 1567 alarms reported to the fire departments.
Of these, 1429 were false alarms, 101 were alarms to real fires by the alarm system and 37 were alarms to real fires reported by other means (e.g., telephone call). From this, Fry computed an aggregate false-to-real alarm ratio for the smoke detection systems of 14 to 1. It should be noted that these data included only alarms received during the 12-month study period and made no allowances for the numbers of detectors installed in each system nor for the age of the system. In analyzing the reported reasons for the 1429 false alarms, it was found that 37 percent were caused by excessive heat and smoke in the protected area from a non-fire source, such as from a manufacturing process. In addition, 30 percent were caused by defective detectors or control panels and 11 percent by system testing, maintenance, or other activities where the local fire department was not informed of the activity.
Another study on field performance of ionization-type smoke detector systems was initiated by Underwriters Laboratories Inc. (UL) in the fall of 1968 [2] . At that time, UL was developing a testing and approval standard, for system type ionization smoke detectors.
In order to gather data on the reasons for false alarms in these detectors, a questionnaire was prepared and distributed through central station operating companies and the UL Fire Council.
The intent was that, if certain predominant causes for false alarms could be identified, then test requirements could be incorporated into the standard to minimize the chances of false alarms from these sources. lNumbers in brackets refer to the literature references listed at the end of this paper.
• The data returned in response to the questionnaire covered a total of 337 systems employing 7S40 smoke detectors. Of the 337 systems, approximately 59 percent were installed in U.S. Federal Government facilities.
A total of 1070 false alarms were reported, 67 percent reported from known causes and 33 percent from unknown causes.
An analysis of the reported reasons for the false alarms indicated that, similar to Fry's results, the majority of false alarms occurred due to variations in ambient conditions (excessive heat or smoke) within the protected area. Other important causes of false alarms were also identified, including improper application or installation, and improper sensitivity setting. As a result of these findings, requirements were added to the UL standard (UL 167) to attempt to minimize these problem areas. Specifically, these additions included 1) a stability test (detector operation under varying temperature, humidity, air velocity, and barometric pressure), 2) requirements for the capability for measuring or monitoring the sensitivity of detectors while installed, and 3) requirements for the inclusion of a technical bulletin containing specific guidelines for detector installation.
As in the study by Fry, the UL study did not take into account the numbers of detectors in the system nor the age of the detectors.
The UL study also did not report the numbers of alarms to real fires reported by the systems studied. Thus, false-to-real alarm ratios could not be computed for the UL survey.
Review of Code Requirements for Smoke Detectors in Health Care Facilities
The primary U.S. standard which establishes the fire detection system requirements for health care facilities is the National Fire Protection Association (NFPA) Standard No. 101, known as the Life Safety Code [3] . Chapter 10 of this code specifically deals with health care facilities and, although this is a voluntary standard, the majority of state and local building codes pattern their requirements for health care facilities after the requirements contained there.
The Life Safety Code was first printed by the NFPA in 1927 as the Building Exits Code. The 1963 edition did not mention the use of smoke detectors in health care facilities specifically, but allowed stairway, smoke stop and horizontal exit doors to stand open if arranged to close on actuation of an automatic fire detection or sprinkler system. The code was revised and retitled the Life Safety Code in 1966, with this and all subsequent editions containing some requirements for smoke detectors in health care facilities. The 1966 edition requirement was similar to the 1963 requirement except that stairway doors were no longer permitted to stand open and the smoke stop and horizontal exit doors were to be controlled by a smoke detection system, with smoke detectors installed at the door or a total sprinkler system. The 1970 and 1973 codes contained similar requirements for door closer applications, adding an allowance for door closing on actuation of a manual fire alarm system. In addition, the 1973 code specified that an approved smoke detection system be installed in all corridors of new hospitals, nursing homes, and resi.:ential-custodial care facilities.
The only exception was that, if smoke detectors were installed in patient rooms and local detectors were also provided at smoke partitions, then the detectors in the corridors were not req~i£ed. The 1976 (current) edition of N~PA 101 contains the same smoke de~ector requirements as the 1973 edition except that the requirement for detectors in corridors of new hospitals was dropped.
The Life Safety Code is structured as an occupancy code. That is, each chapter of the code, covering a different type of occupancy, includes general requirements for the types of fire protection measures to be taken in that occupancy.
Specific system installation and maintenance requirements are included in other NFPA standards and referenced in NFPA 101. Thus, NFPA 101, Chapter 10 references NFPA Standard 72E (Automatic Fire Detectors) [4] , which contains the specific installation guidelines for the smoke detectors required by that chapter.
Standard 72E then contains more specific information, such as maximum and minimum ambient temperatures in spaces where detectors are to be installed, and spacing considerations as a function of such parameters as type of ceiling construction (e.g., smooth, beamed, sloped, etc.). However, with regard to maintenance and testing of detectors, Standard 72E suggests only that the manufacturers' instructions be followed. Most smoke detector manufacturers suggest annual cleaning as a minimum in normal environments and semiannual to annual testing.
The recommended cleaning procedures for many of the early smoke detector designs were complex.
They often involved partial disassembly of the detector head and cleaning of internal parts with soap and water, or alcohol.
In more recent years, these procedures are recommended only for detectors installed in extremely dusty environments.
In more normal environments, most manufacturers suggest that an annual vacuuming is sufficient.
There is much more variation among different manufacturers in the recommended procedures for testing detectors than there is for periodic cleaning.
Some detectors include built-in test features which mechanically or electrically simulate smoke within the detector.
If the test feature is operated and the detector alarms, it is assumed that the detector circuitry is functional and that the sensitivity setting is correct.
Other manufacturers provide sensitivity test meters, or terminals for connection of ordinary electrical meters, along with some type of correlation between the meter reading and the detector sensitivity.
As part of their testing and approval procedures, UL determines that these various sensitivity measurement techniques operate as intended.
SURVEY METHOD

Sampling and Data Collection
The Health Care Financial Administration (HCFA), as part of the administration of federal Medicaid and Medicare funds, conducts an annual life safety survey of health care facilities receiving Medicaid and Medicare funding. This survey is conducted on a state-by-state basis on contract with the state health agency in each of the 50 states.
In some states, the actual survey is conducted by the state fire marshal's office, and in other states by special inspection groups in health departments.
The HCFA pays the contracting state agency for the time and travel cost associated with conducting the surveys. Contact was made with HCFA to determine if they would be amenable to modifying their normal survey form or including an addendum to the form to gather the desired data on smoke detectors. They responded favorably to including an addendum to their form in selected states. Since HHS divides the United States into 10 geographical regions for administrative purposes, it was then decided to prepare a one page survey form and to survey 10 states, hopefully one from each region.
Due to administrative problems, only eight states were actually surveyed, with one of these eight returning the forms too late for inclusion in this report.
It was considered desirable to survey only states in each region in which the life safety survey is conducted by the state fire marshal's office since state fire marshal personnel should be more familiar with fire detectors and alarm systems than personnel in other state agencies.
A list was received from HCFA Showing the breakdown of the 50 states by region and those states where the HCFA survey is conducted by the state fire marshal's offices (table 1). In at least two states in each region except I and II the state fire marshal's office conducts the survey. Regions I and II which have none, were not surveyed. Forms were then distributed to the HCFA regional offices in regions III throuqh X and then to the state fire marshal's offices in the selected states along-with the normal HCFA survey form.
The state fire ma~shal's office then completed both forms on the annual visit to each health care facility receiving Medicare or Medicaid funds within their respective states. Upon completion, the forms were returned to HeFA where they were separated and the addendum form forwarded to NBS.
Since each health care facility is visited once per calendar year, the NBS detector survey forms were included as an addendum to the inspection forms for the 12 months during which all facilities within a given state should have been visited.
The last of the survey forms were received at NBS in the summer of 1978.
Survey Form
Two principal considerations influenced the design of the survey form. First, it was necessary to restrict the survey form to one page (including directions), and with a limited number of questions that could be completed quickly.
Speed of completion dictated that narrative-type answers be minimized.
Second, the questions required structuring in a mauner which was compatible with the computer program which was to be used in analyzing the responses (O~~ITAB [5, 6] ). Based on these considerations, the final form (figure 1) was developed.
The data requested were limited to 10 questions plus space for an optional narrative.
Check-off boxes were used wherever possible to limit responses to a reasonable number of categories which could be coded for analysis. This information provided a means to normalize the false alarm data by the size of the system and its age. Question 6 requested the distribution of the total number of detectors by location and the numbers of actual and false alarms over the last five years or less, again by location.
Questions
7 and 8 dealt with the frequency and method of cleaning the smoke detectors, while questions 9 and 10 addressed the frequency and method of testing.
It was hoped that this information, when compared with the false alarm information requested in question 6, might indicate whether certain methods of cleaning or testing, or certain frequencies of cleaning or testing influence the rate of false alarms received.
Data Analysis Technique
As the survey forms were received at NBS, they were manually sorted to remove those forms that were incorrectly completed.
In some cases (for example, where all answers were cO~lpleted except for the manufacturer's name but which could be inferred from t~e model number provided) a few of the i.ncomplete forms were salvaged.
The .tespol1ses to each question on the form were then manually recorded so that each response could be categorized. For example, all responses to question 3 (detector location) were tabulated and the eight most frequently given answers were each assigned a code number. All other responses to this question were assigned to a category identified as~other".
In this way, a coding scheme was developed for the entire form. Since the exact number of facilities surveyed was considered much less important than having the responses separated by detector manufacturer and model number, it was decided that separate forms should be completed for each model detector within a specific facility.
Therefore, the precise number of facilities surveyed cannot be determined.
RESULTS
Data Received
A total of 2371 survey forms were received, of which 1282 (54 percent) were unusable for various reasons. The remaining 1099 forms (46 percent) formed the basis for the analysis. Figure 2 shows the breakdown of forms received and the various reasons for a form being considered unusable. Incorrect model numbers (serial numbers, date codes, or model numbers which correspond to alarm bells, control panels, manual boxes, etc.) or no model number given accounted for over half (54 percent) of the unusable forms. The 1089 valid forms were then manually sorted by manufacturer. This first sort gave a fairly large number of apparently different manufacturers, principally because a basic detector model may be sold not only by its manufacturer, but also by other companies, bearing their own name and model number.
These private labelers are generally control panel manufacturers, distributors, or alarm installing companies.
Each of the companies which actually manufactures detectors was then contacted to request information concerning the correlation between the private label model numbers and their own model numbers.
With this information, the data set was reduced to 13 basic detector manufacturers and tneir basic model numbers.
Once this was done, the forms were again manually sorted by manufacturer.
This process also revealed the existence of 80 duplicate forms which were deleted from the data base. As a result of this process, the final data base consisted of 1009 survey forms including responses on a total of 7323 detectors.
Limitation of Results
The 13 basic manufacturers of smoke detectors presently installed in the health care facilities surveyed accounted for more than 50 different smoke detector models. Table 3 shows the 13 manufacturers by letter code, the number of forms and percent of total number of forms (frequency) for each manufacturer, and the number of detectors and percent of total detectors for each manufacturer.
One manufacturer (code M) had only 38 detectors in a total of 6 systems:
this is such a small percentage of the entire population that no conclusions can be based on the data obtained for this manufacturer's smoke detectors.
The validity of the data on several other manufacturers' models may also be marginal because of the small numbers of detectors involved and the relatively low numbers of false and real alarms reported.
A major portion of the received forms reported no false nor real alarms. Even where a large number of detectors was encountered, the false and real alarm numbers reported came from only a small portion of the installed systems. As a result, numbers of false and real alarms may be based on only one person's memory, or the records of only one facility.
There are a number of possible explanations for this, such as (1) the detectors were properly designed and installed and are not subject to variations in ambient conditions which could cause false alarms, (2) detailed records on system operation were not kept and alarms occurred so infrequently that they were not remembered, or (3) there may have been a reluctance on the part of the health care facility administration to report false or real alarms to the state fire marshal's office for fear that changes in equipment or procedures would be required, costing the facility excessive time or money. Finally, rates of alarms to real fires are primarily a function of the low probability of a fire occurring, and as such can be used for little more than an indicator of the ratio of false alarms to real alarms.
Since there was no valid mechanism for taking these limitations into account, it was necessary to analyze the data as presented, keeping the limitations in mind as a source of un8ertainty.
DISCUSSION OF RESULTS
The performance of a smoke detector can be affected by many variables, many of which could not be addressed from the limited data gathered in this survey. The variables which were considered were type of detector, location, and maintenance factors. Some of the factors which were not considered include unusual ambient conditions in which the detector must operate, possible exposure of the detector to physical damage, and the reliability of interconnection systems, wiring, or individual detector components.
Since the probability of a false alarm in a fire alarm system containing many smoke detectors would be expected to increase with increasing numbers of connected detectors and increasing time in service, the numbers of false and real alarms reported were normalized by these two values to provide false and real alarm frequency figures for comparing systems of different age and size. False alarm frequency is therefore defined here as the number of reported false alarms divided by the product of the number of devices in the system and the number of years in service. This is comparable to the calculation of failure rate in electronic components expressed in terms of failures per device hours in service. Thus, if a detector model exhibited a false alarm rate of 0.1 false alarms per device year in service, an installed system consisting of 10 detectors of this model would give an average of one false alarm per year. Similarly, a system of 100 detectors of this model would average 10 false alarms per year.
Distribution of Alarms by Manufacturer and Model
In the entire population of surveyed data, 1088 false alarms and 78 actual alarms were reported. This results in a ratio of false to real alarlus for smoke detectors installed in health care facilities of approximately 14 to 1, which is the same false to real alarm ratio found by Fry [1] for smoke detection systems in general.
The false alarm frequency for the entire population of detectors was found to be 4.4 x 10-2 false alarms per device year in service. That is, any smoke detection system of 100 detectors would be mathematically exp~cted to give an average of 4.4 false alarms per year. The alarm frequency for real fires was found to be approximately one order of magnitude lower, or about 3.1 x 10-3 real alarms per device year in service.
Detector performance for each of the 13 manufacturers, based on alarm frequency, is presented in table 4. Xany of the frequencies appearing in this table may be unrepresentative~excessively high or low) as a result of a small sample of detectors and few reported alarms for certain manufacturers (as previously discussed for~anufacturer M). It should also be noted that a few manufacturers stand out due to unusually low frequencies. In particular, manufacturer E seems to have an exceptionally low false alarm rate but firm conclusions about manufacturer E's performance are not possible. On the one hand, there are few alarms reported (3 false and 1 real), the number of real alarms depending primarily on the very low probability of a fire occurring.
On the other hand, due to the large number of detectors reported for this manufacturer (9.6 of total detectors) these alarm rates may have some statistical validity.
The low false alarm rate may indeed indicate outstanding performance, or the low false and real alarm rates may merely reflect a lower average detector sensitivity.
Appendix table
the survey results by model number.
Here, The highest value by model is 47 x 10-2 lowest false alarm frequency is 0.13 x 10-2
Distribution of Alarms by Type of Detector
Almost 71 percent of the total number of detectors in the survey were ionization-type detectors.
Detectors from manufacturers A, D, and K are photoelectric detectors and the rest are ionization type. Table 5 compares false and real alarm frequencies between the two types of detectors. This table indicates that the false alarm frequencies for ionization detectors are slightly less than those for photoelectric detectors and the real alarm frequency is slightly more. However, with the degree of uncertainty in the data, these slight differences are probably not significant.
There is no evidence to suggest that there is any real difference in false or real alarm frequency between types of detector.
Analysis of the data by model number also revealed that 14 percent of the total number of detectors in the survey were of the single-station, battery-operated, residential type. It was discovered that almost all of these were installed in facilities located in one of the surveyed states under a state-sanctioned, temporary program to provide protection until fire detection systems can be installed.
The yearly false alarm frequency for single-station detectors was 4.8 x 10-2 with an average real alarm frequency of 3.7 x 10-3• These figures are very similar to those reported for the entire population of detectors.
The small variation in the alarm figures in table 5 and those for residential detectors given above seems to indicate that the probability of a smoke detection system false alarm is independent of whether the detector is ionization or photoelectric or whether it is a commercial or residential-type detector.
Of course, commercial detection systems are preferred for their central supervision and alarm signaling features.
Distribution of Data by Detector Location
The largest percentage of the detectors in the sample (71.4 percent) were installed in corridors (table 6). These detectors consisted of both the open area and door closer types. Those installed in patient rooms accounted for almost 7 percent of the sample, second in rank order. Dining rooms were third, 2 percent of the sample.
It is interesting to note that the location of most detectors and the fact that the majority of the installations were made in 1973 and 1974 corresponds to the adoption of the detector requirements in the 1973 Life Safety Code. This seems to indicate that the impact of NFPA 101 is substantial in health care facilities. Table 7 shows the distribution of reported alarms by detector location. While corridor and patient room mounted detectors represented the vast majority of all detectors in the sample, their false alarm rates were among the lowest. Smoke detectors installed in laundry facilities, storage rooms, kitchens, and dining rooms had the highest false alarm rates by location. This might be expected since these are areas which would have greater extremes of ambient conditions and non-fire background sources. This would
• also indicate that smoke detectors are probably inappropriate for the protection of storage rooms, laundry facilities, and areas around kitchens. The important considerations with regard to the application of fire detectors in health care facilities will be covered in detail in a subsequent paper currently in preparation at NBS.
Maintenance
It is reasonable to assume that a fire detection system which is properly maintained will exhibit fewer false alarms than one which is not.
To test the validity of this assumption, the false alarm rate was compared against the normal maintenance practices of cleaning and regular testing. Both the fequency and method employed for cleaning and testing were evaluated. Table 8 shows the percent of total detectors cleaned by various methods. Table 9 gives the distribution of reported alarms as a function of cleaning method and frequency.~hose detectors which were cleaned and maintained through a contracted service agreement resulted in a low false alarm frequency.
Cleaning
The survey indicates that a little more than 45 percent of the detector systems were never cleaned and that this same group of detectors exhibited the second lowest false alarm rate.
While this might suggest that cleaning is not critical, it might also indicate that detectors which are not cleaned do not alarm because they have lost sensitivity.
Unfortunately, the limited data obtained in this survey do not provide any basis for testing this hypothesis.
With regard to frequency of cleaning, the data seem to indicate that lower false alarm rates (neglecting detectors not cleaned for the reasons stated above) are obtained from the detectors which are cleaned more often. The rate of false alarms from detectors cleaned yearly was almost twice that for detectors cleaned monthly. While the rate of false alarms for detectors reported as cleaned only when they give trouble was the lowest, this category represented only 3-1/2 percent of the detectors sampled, a number too small to draw valid conclusions.
Testing
Frequency of testing more clearly affects false alarm rate than does frequency of cleaning. That is, the lowest false alarm rate was observed in detectors tested monthly, with the false alarm rate increasing with decreasing frequency of testing (see table 10 ). The highest false alarm rate was observed in detectors which were never tested. The false alarm rate for those reported as occasionally tested was not computed as this represented only 0.3 percent of the detectors sampled. While testing should have no direct affect on rate of false alarms, it may be assumed that regular testing would identify detectors which appear to be inordinately sensitive or insensitive, permitting corrective action.
The data on method of testing indicates that the majority of all s~oke detectors are tested using smoke from some source. A small number of respondents indicated that the detectors were tested by observing an operational light on the detector.
This indicates a lack of understanding of the detector operation since the light on most detectors only indicates alarm or the fact that power is available.
While one particular manufacturer states that the pulsing frequency of the light is a general indication of his detector's sensitivity, there is some doubt as to whether this is a valid indication.
SU~~RY OF FINDINGS
The following summarizes the key points of the data presents general indications drawn from the survey data. keep in mind the limitations of the survey, particularly small sample size and the small number of detectors from reported.
analysis and
It is important to the relatively which alarms were 1.
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There were 13 major manufacturers of smoke detectors identified in the survey. From the data obtained in the survey it was not possible to demonstrate any meaningful difference in alarm frequency among these manufacturers.
An overall false alarm frequency of 4.4 X 10-2 (alarms per device per year in service) and an overall real alarm frequency of 3.1 x 10-3 (alarms per device per year in service) was found for smoke detectors installed in the health care facilities surveyed.
The false alarm to real alarm ratio was 14:1 for smoke detectors installed in the health care facilities surveyed.
There appeared to be no meaningful difference between ionization-type and photoelectric-type smoke detectors with regard to real alarm and false alarm frequencies reported in this survey, Approximately 14 percent of the detectors presently installed in the health care facilities surveyed were of the single-station, batteryoperated, residential type. Almost all of these were installed in facilities located in only one of the states surveyed as a temporary method of protection until systems could be installed.
It appeared that the Life Safety Code (NFPA Standard No. 101) had a significant effect on the location and installation of smoke detectors in the health care facilities surveyed.
Most detectors were located in the areas required by NFPA Standard No. 101, namely corridors and patient rooms, and the majority of installations were made shortly after requirements were adopted in NFPA 101.
Basements, kitchens, laundry facilities, and storage rooms may expose detectors to environmental conditions that can induce performance problems, as suggested by the higher false alarm rates for detectors in these locations.
It was found that many facilities were not complying with recommended maintenance procedures. However, it was also found that when detectors were maintained, they were maintained according to manufacturers' instructions and recommended practices.
For the detectors in the facilities surveyed, 46 percent of the forms reported detectors were never cleaned and only 30 percent reported detectors cleaned once a year or more frequently.
The predominant cleaning methods reported were by compressed air, alcohol wash, or vacuuming.
Over 88 percent of the forms reported detectors were tested once a year or more frequently, with 55 percent of the forms reporting detectors tested monthly.
The predominant testing method was by the use of some type of smoke.
Detectors tested more frequently had lower false alarm rates than those tested less frequently or never tested.
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NEED FOR FURTHER DATA
The data obtained by this survey provide valuable information on the current performance of smoke detectors in health care facilities and the effects of regular maintenance procedures on this performance.
But due to the rather small number of responses, and especially the very small number of reported alarms, the conclusions drawn from the data must only be considered as indications and not as definitive facts.
If a systematic program of keeping and collecting detailed records on alarms, testing and maintenance of detectors and other fire alarm system components is instituted, a more accurate picture of system performance under field conditions could be obtained.
In this way problem areas can be identified and changes to approval procedures and application prac~ices can be initiated which will improve the performance and reliability of these systems.
SMOKE DETECTOR USER SURVEY INSTRUCTIONS:
This form should be completed on each detector model installed in a health care facility.
This would include open area detectors, door closer detectors, and detectors in HVAC duct work.
The information gathered will be used to form a data base by which the past performance of smoke detectors in health care facilities can be evaluated. 5 .47 x 10-2 *These figures, which provide some additional information, are not a good estimate of the true performance because of the low number of alarms. • A survey of health care facilities in eight states was conducted to ga~her data on experience with smOKe oetection syst~ms.
Requested information included detector manufacturer and model number, number of detectors and time in service, detector locations, numbers of false and real alarms and the methods and frequency of cleaning and testing the detectors. The result~of the survey indicate that about 70 percent of the detectors were ionization type, and 30 percent were of the photoelectric type.
Fourteen percent of the total number of detectors were single-station, battery-operated, residential-type detectors, most of which were installed in health care facilities in only one of the eight states surveyed.
Almost 80 percent of the detectors were installed in corridors and the average age of the detector installation was about five years.
The detection systems were found to experience approximately 14 false alarms for each real fire detected with the highest false alarm rate occurring in detectors installed in laundry areas, storage areas, and kitchens.
While over 88 percent of the systems were tested at least annually (55 percent tested monthly), almost half (45.7 percent) were never cleaned.
Almost 11 percent of the installed systems were maintained under an outside service contract. 
